Standard surgical treatment of rotational ankle fractures includes an assessment of syndesmotic stability following fixation of the malleolar injuries 4, [6] [7] [8] [9] . If syndesmotic instability is present, the syndesmosis is reduced and stabilized. Methods for syndesmotic reduction include indirect reduction techniques or reduction under direct visualization [10] [11] [12] , and syndesmotic stabilization using transsyndesmotic fixation (screws or suture-button) [13] [14] [15] [16] [17] or syndesmotic ligament repair [18] [19] [20] has been reported.
Numerous studies have focused on the assessment of syndesmotic reduction quality, both intraoperatively [21] [22] [23] [24] and postoperatively 13, [25] [26] [27] [28] [29] . Because of substantial variation in the anatomic relationship of the uninjured distal ends of the tibia and fibula, recent studies have advocated for the use of axial computed tomography (CT) imaging of both ankles to determine the accuracy of syndesmotic reduction postoperatively 12, 30, 31 . Using this imaging modality, several methods to quantify the syndesmotic relationships and reduction have been reported 11, 13, 21, 25, 26, 29, [32] [33] [34] [35] [36] . Despite these efforts, no standardized method currently exists for measuring syndesmotic reduction.
Postoperative evaluation of the syndesmosis using CT imaging has suggested that the prevalence of syndesmotic malreduction is higher than has been previously reported 13, 21, 26, 29 . However, the clinical importance of such malreductions is unclear. The purpose of the present study was to determine the effect of syndesmotic reduction on disease-specific, patientreported clinical outcomes in a cohort of SER IV and PER IV ankle fractures.
Materials and Methods

Patient Selection
I nstitutional review board approval was obtained for this study. A registry containing all patients with ankle fractures operatively treated by a senior surgeon (D.G.L.) between 2004 and 2013 was analyzed retrospectively to identify patients for study inclusion. Inclusion criteria consisted of skeletally mature patients with an SER IV or PER IV ankle fracture, clinical follow-up of more than one year, and availability of postoperative CT scans of both ankles. Patients were excluded if they had documented syndesmotic stability or postoperative articular incongruence, which has been previously demonstrated to affect patient outcomes 19 . Classification of SER IV or PER IV fracture patterns was performed initially using injury radiographs and preoperative magnetic resonance imaging (MRI) scans and was subsequently confirmed with intraoperative findings. Classification using injury radiographs was based on the fibular fracture pattern 1 . MRI scans were available for all but ten patients and were used to assess the status of the posterior-inferior tibiofibular ligament and deltoid ligament as well as the fracture morphology. This aided in accurate fracture classification and preoperative planning and confirmed that only stage-IV patterns with a syndesmotic injury were included. Intraoperative inspection of the fracture lines and ligaments was used to confirm the fracture classification and was ultimately used as a criterion for inclusion in the study cohort. Also, intraoperative assessment of syndesmotic stability included direct visualization of the syndesmosis and/or evaluation of the tibiofibular clear space on external rotational ankle stress maneuvers. Only fractures that were recorded as having syndesmotic instability intraoperatively were included in the study. This algorithm of assessing fracture Nault et al. 35 (n = 100) 4 ± 1 1.5 to 6.4
Lepojärvi et al. 30 (n = 64) 2.8 ± 0.09 0.9 to 5.3
Posterior incisura (mm) 31 (n = 30) 12.7 ± 6.7 0.5 to 29.5 *NR = none reported, to our knowledge.
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patterns and syndesmotic instability for patient inclusion ensured a homogeneous group of patients in the study.
Surgical Management
All fractures were treated in an injury-specific manner. Typically, internal fixation of the fibula was performed through a posterolateral approach, with a separate medial approach employed for medial injuries. Internal fixation was performed for all posterior malleolar fractures regardless of size, on the basis of previous studies indicating that doing so functionally restores the posterior-inferior tibiofibular ligament to improve syndesmotic stability 37, 38 . Syndesmotic stabilization was achieved using one or two quadricortical transsyndesmotic screws, deltoid ligament repair, and/or posterior-inferior tibiofibular ligament repair depending on the nature of the osseous and ligamentous injuries. Over the course of the study, a shift in treatment occurred from the use of transsyndesmotic screws to anatomic syndesmotic repair with posterior malleolar fixation or posterior-inferior tibiofibular ligament repair with or without deltoid ligament repair. Postoperatively, the ankles were placed in a splint for two weeks and then were transitioned into a controlled-ankle-motion boot to allow for early range of motion. Patients remained non-weight-bearing for a total of six weeks, followed by progressive weight-bearing and strengthening. Syndesmotic screws were routinely removed no sooner than four months after the index procedure. 
Rotation difference ------*The difference was significant (p < 0.05).
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Radiographic Evaluation of Syndesmotic Reduction
CT scans of both ankles were routinely performed within the first two postoperative days to identify syndesmotic malreduction, articular incongruity, and/or the presence of intra-articular loose bodies. Measurements of syndesmotic reduction were performed using four previously reported methods. Methods 1 and 4 were selected on the basis of their use in other studies comparing clinical outcomes, and Methods 2 and 3 were selected because of their anatomic considerations. Method 1 measures the distance between the most anterior points of the fibula and tibia and the distance between the most posterior points of the fibula and tibia; this method has been used in several studies with acceptable reliability 29, 31, 34 ( Fig. 1-A) .
Method 2 measures isolated diastasis and compression of the anterior and posterior aspects of the fibula relative to the tibia and anteroposterior translation of the fibula relative to the tibia 21 ( Fig. 1-B) . The latter measurement is positive when the anterior aspect of the fibula is posterior to the anterior aspect of the tibial incisura 21 . Method 3 measures isolated rotation of the fibula with respect to the tibia 31, 35 ( Fig. 1-C) , where positive values represent internal rotation of the fibula with respect to the tibia. Method 4 is a binary assessment of gross syndesmotic reduction (Figs. 1-D and 1-E), which was performed in a previous study comparing syndesmotic reductions by CT and clinical outcomes 26 . All measurements were made on axial images 1 cm proximal to the tibial plafond using a Centricity Enterprise Web picture archiving and communications system (GE Healthcare) ( Fig. 1-F ). For Methods 1, 2, and 3, measurements were made on the injured and contralateral, normal ankles, and the difference between these measurements was used for subsequent analysis. Method-4 determinations were performed using a side-by-side inspection of the axial images of the injured and uninjured ankles. A randomly selected subset of patients was used to ensure interrater reliability, and a single observer performed measurements for the remainder of the patients. Determinations of articular incongruity and the presence of intra-articular loose bodies were performed as previously described 19 .
Outcomes
The primary clinical outcome measure collected was the Foot and Ankle Outcome Score (FAOS), a reliable, validated, disease-specific, patient-reported outcome measure designed to evaluate symptoms and functional limitations in patients with foot and ankle disorders 39 . The instrument is made up of five domains: symptoms, pain, activities of daily living, sports and recreation, and quality of life.
Statistical Methods
Continuous variables were assessed for normality by calculating skewness and kurtosis 40 and visually inspecting quantile-quantile plots. After normally distributed data were ensured, continuous variables were reported using means and standard deviations, and frequencies were used to describe count variables. Interrater reliability was tested using intraclass correlation coefficients (2,1) (ICCs) for Methods 1, 2, and 3 and using the Cohen kappa for Method 4. The internal consistencies of Methods 1, 2, and 3 and the FAOS domains were evaluated by calculating Pearson correlation coefficients. Pearson correlation coefficients were also calculated to compare Methods 1, 2, and 3 in each FAOS domain in order to determine if any associations existed between syndesmotic malreduction and patient-reported clinical outcome. Independent-samples Student t tests were used to assess for associations between Method-4 positivity and FAOS domains. Further comparative subanalyses were performed using independent-samples 1938
Student t tests and chi-square tests, as appropriate. Parametric analyses were performed for all comparative statistics, and all comparative analyses were two-tailed and used a p value of 0.05 as the threshold for significance. Because this was a retrospective analysis of all patients enrolled in a registry, an a priori power calculation was not performed. Furthermore, no accepted minimal clinically important difference (MCID) for the FAOS subscale domains exists. Therefore, the power of the current study was confirmed in a post hoc power calculation by using an effect size of 0.5 standard deviations as a clinically important effect size for health-related quality of life measures 41 .
Source of Funding
There was no external funding for this study.
Results
B
etween 2004 and 2013, 597 ankle fractures that were classified as SER IV and PER IV fracture patterns according to Lauge-Hansen 1 underwent surgical fixation. Two hundred and thirty-four of these patients had at least twelve months of clinical outcomes data. Seventy-nine of these patients were excluded from the study because of articular malreductions (forty-two), inadequate postoperative CT imaging (twentyfour), or a stable syndesmosis documented intraoperatively (thirteen). Of the remaining 155 patients who were included, 129 had SER IV and twenty-six had PER IV injury patterns. Tibiotalar dislocations occurred in fifty-one patients (33%). The median patient age was fifty-one years (range, fifteen to eighty-seven years), and ninety (58%) of the 155 patients were female. Syndesmotic stabilization was performed with transsyndesmotic screws only in forty-seven patients, anatomic syndesmosis repair with posterior-inferior tibiofibular ligament repair or posterior malleolar fixation with or without deltoid repair in fifty-seven patients, and a (Fig. 1-D) and uninjured ( Fig. 1-E) ankles. Fig. 1-F Coronal image showing the level of all axial images, which was selected at 1 cm proximal to the tibial plafond.
combination of transsyndesmotic screws and anatomic repair in fifty-one patients. This resulted in fifty-seven patients with anatomic-only fixation and ninety-eight patients with transsyndesmotic screw fixation. Median postoperative clinical follow-up was fifteen months (range, twelve to 120 months).
Descriptive statistics for individual measurements using Methods 1, 2, and 3 are given in Table I , along with normative values reported in the literature. Table II and Figure 2 provide descriptive statistics for the calculated measurement differences for Methods 1, 2, and 3. Reliability analyses of Methods 1, 2, and 3 revealed ICCs ranging Fig. 2 Graphic representation of the mean side-to-side differences and 95% confidence intervals (CIs) of syndesmotic reduction parameters for the study cohort. AID = anterior incisura difference, PID = posterior incisura difference, DAD = direct anterior difference, DPD = direct posterior difference, DTD = direct translation difference, and RD = rotation difference. 1940
from moderate to almost perfect (range, 0.544 to 0.821) according to the criteria of Landis and Koch [42] [43] [44] (Table II) . Method 4 was noted to have substantial reliability (90% agreement; Cohen kappa = 0.783); 68.4% (106) of 155 ankles were noted to be anatomic, while 31.6% (fortynine) were subjectively malreduced. Internal consistency for Methods 1, 2, and 3 was excellent, with the exception of the direct translation distance measurement of Method 2 (Table III) .
The mean score (and standard deviation) for the five FAOS domains for the cohort was 71.7 ± 22.3 for symptoms, 77.1 ± 21.9 for pain, 82.5 ± 21.3 for activities of daily living, 61.3 ± 31.2 for sports, and 55.2 ± 21.3 for quality of life. The internal consistency of the FAOS domains was excellent (Pearson r = 0.561 to 0.869; p < 0.05 for all).
In the study cohort, there were no correlations among any of Methods 1, 2, and 3 and any of the FAOS domains (p > 0.05 for all) (Table IV) . Moreover, independent-samples t tests revealed no association between the dichotomous classification of Method 4 and any of the FAOS domains (Table IV) . Representative cases of relatively reduced and malreduced syndesmoses are illustrated in Figures 3 and 4 , respectively.
To determine whether the use of transsyndesmotic fixation influenced radiographic measurements or clinical outcomes, patients who underwent anatomic syndesmotic fixation were compared with those who had any type of transsyndesmotic screw fixation. While the ninety-eight patients with transsyndesmotic screws had significantly increased fibular malrotation compared with the fifty-seven patients with anatomic fixation (6.3°± 4.2°versus 4.8°± 4.4°; p = 0.038), we could find no significant differences in the other radiographic measurements of syndesmotic reduction or in any of the FAOS domains ( Table V) .
The application of Method 4 to the overall study cohort revealed 106 subjects who were negative and fortynine who were positive for syndesmotic malreduction. Using this groupwise proportion and setting the number of patients to 155, a to 0.05, and effect size to 0.5 standard deviations, the current study had an 82.1% power to detect a meaningful clinical difference in each FAOS domain 41, 45 . Figs. 3-A through 3-J A case illustration of a reduced syndesmosis in an ankle that had an SER-IV-equivalent ankle fracture-dislocation.
Figs. 3-A, 3-B, and 3-C Preoperative anteroposterior (Fig. 3-A) , mortise ( Fig. 3-B) , and lateral ( Fig. 3-C) radiographs.
Figs. 3-D and 3-E
Intraoperative fluoroscopic mortise (Fig. 3-D) and lateral ( Fig. 3-E) views made after open reduction and internal fixation. Figs. 3-F and 3-G Postoperative axial CT images made 1 cm proximal to the tibial plafond of the injured (Fig. 3-F) and uninjured ( Fig. 3-G) ankle, demonstrating a reduced syndesmosis. Figs. 3-H, 3 -I, and 3-J Anteroposterior (Fig. 3-H) , mortise ( Fig. 3-I) , and lateral ( Fig. 3-J) radiographs made one year postoperatively.
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Discussion T he injured ankle syndesmosis has received much attention recently with new imaging and assessment techniques that have found high rates of syndesmotic malreduction 21, 26, 29, 32 . Several studies have focused on methods to measure the syndesmosis on axial CT images 30, 31, [33] [34] [35] [36] , while other studies have examined different techniques to optimize operative syndesmotic reduction [10] [11] [12] [21] [22] [23] , often using 1 to 2 mm as a cutoff for malreduction 13, 21, 29 . However, the clinical importance of syndesmotic malreduction is unclear. In our cohort of 155 operatively treated rotational ankle fractures with a stabilized syndesmosis, we did not find a correlation between the quality of syndesmotic reduction and the clinical outcomes at a minimum of twelve months postoperatively.
In one previous study by Sagi et al. that was designed to assess the functional consequences of syndesmotic malreduction as evaluated with postoperative CT scanning, those authors suggested that patients with a syndesmotic malreduction had inferior clinical outcomes 26 . However, the method used in that study to evaluate the syndesmotic reduction was a subjective assessment by one reviewer and no rater reliability was reported. In addition, the cohort of ankle fractures studied was not precisely defined or classified, raising the possibility of a more heterogeneous patient population. Furthermore, articular malreductions were not excluded from the study, which could be a confounding variable. Also, in that study, the time frame for imaging the syndesmosis varied as it was done after routine syndesmotic screw removal, which was performed at a minimum of twenty-four months postoperatively. Considering that the reduction of the syndesmosis has been shown to change after syndesmotic screw removal 32, 46 , the importance of these assessments with regard to intraoperative reduction is unknown and may account for the different conclusions from those of our study.
Naqvi et al. evaluated clinical outcomes and syndesmotic reduction with CT imaging in a study using two different methods of syndesmotic stabilization 13 . As part of that study, regression analysis suggested that syndesmotic malreduction was a predictor of inferior clinical outcomes. However, the clinical outcome used in the analysis was the American (Fig. 4-A) , mortise (Fig. 4-B) , and lateral (Fig. 4-C) radiographs. Figs. 4-D and 4-E Intraoperative fluoroscopic mortise (Fig. 4-D) and lateral (Fig. 4-E) views made after open reduction and internal fixation. Figs. 4-F and 4-G Postoperative axial CT images made 1 cm proximal to the tibial plafond of the injured (Fig. 4-F) and uninjured (Fig. 4-G) ankle, demonstrating malreduction of the syndesmosis. Figs. 4-H, 4 -I, and 4-J Anteroposterior (Fig. 4-H) , mortise (Fig. 4-I) , and lateral (Fig. 4-J) radiographs made two years postoperatively.
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Orthopaedic Foot & Ankle Society (AOFAS) score, which has limited validity 47 . In addition, the CT assessment method was not demonstrated to be reliable, articular malreductions were not excluded, and the CT imaging was performed at least eighteen months postoperatively.
Other studies have examined the association between clinical outcomes and syndesmotic reduction, as assessed using radiographs, with mixed results. Weening and Bhandari evaluated factors that influenced outcomes in patients who underwent transsyndesmotic screw fixation and found that two of the thirteen outcomes were inferior in patients with a malreduced syndesmosis 48 . Laflamme et al. reported the results of a prospective study assessing clinical outcomes with static or dynamic implants for syndesmotic stabilization 25 . They found no significant association between syndesmotic malreductions and clinical outcomes.
Although a 2-mm measurement difference between the injured ankle and the contralateral, normal ankle has been used previously to define syndesmotic malreduction, there is a limited clinical basis for this definition. We sought to redefine this cutoff value. However, on the basis of the reductions in our cohort of patients, we were unable to calculate an absolute measurement difference that began to impact clinical outcomes. If such a cutoff measurement exists, it will likely be outside the range of malreductions observed in this study.
While it has been the assumption that anatomic reduction of the syndesmosis is critical to achieving a good clinical outcome, the findings of several studies support the contrary view. A recent randomized trial using a limited number of patients with and without syndesmotic stabilization following SER IV ankle fractures failed to show any significant differences in clinical or radiographic outcomes after at least four years of follow-up 49 . In addition, the substantial anatomic variability of the ankle syndesmosis that has been reported 26, 36 supports the notion that this anatomic region is capable of functioning normally despite morphological differences. This concept is further supported by the cohort in the current study who experienced a small magnitude of syndesmotic malreduction; within this range, there was no noted adverse impact on any measured clinical outcome. While this does not define specific tolerable limits for syndesmotic malreduction, it lends support to the idea that small variations in anatomic reduction may be well tolerated in most patients. This is in contrast to the weight-bearing tibiotalar articular surface that has limited anatomic variation and requires precise fracture reduction for optimal outcomes 19 . Limitations of our study included the use of only one clinical outcome time point per patient. Analyzing outcomes at earlier postoperative time points may reveal that syndesmotic reduction affects the early postoperative course. Likewise, longer follow-up of greater than one year may show functional consequences of syndesmotic malreduction. Despite being validated for ankle instability, the FAOS domains may also be insensitive to the clinical phenomena associated with syndesmotic malreduction, at least within the small range of malreduction noted in the current study. In addition, measuring the syndesmosis at 1 cm proximal to the plafond may not be as sensitive for detecting clinically important differences for this articulation compared with measurements closer to the weight-bearing surface, although it is the most commonly used region in the literature. Likewise, while we performed CT imaging in the immediate postoperative period, we did not determine whether the syndesmotic reductions changed during the time of clinical follow-up. However, comparisons between initial postoperative radiographs and radiographs made at the last follow-up did not demonstrate any changes in the syndesmotic parameters.
While an a priori power calculation could not be performed because of the study design and lack of previously established MCID values for the FAOS domains, a post hoc power calculation revealed an adequate power (82.1%) to detect a meaningful clinical difference of 0.5 standard deviations 41 between groups for each FAOS domain with an acceptable amount of type-II error (b = 0.179). While we have shown that there was an acceptable level of consistency between raters of Methods 1 through 4 in the current study using the criteria of Landis and Koch [42] [43] [44] , some may prefer a higher level of consistency when evaluating important judgments such as medical diagnoses.
In conclusion, in a large cohort of rotational ankle fractures with an unstable syndesmosis, measurements of syndesmotic reduction did not correlate with clinical outcomes. This may be due to inadequate syndesmotic measurement techniques or insensitive clinical outcome scores used in this study. While we believe stabilization of the syndesmosis remains an important component of the operative treatment of rotational ankle fractures, the quality of syndesmotic reduction on a small scale may not be as critical as other factors such as articular reduction in influencing clinical outcomes. n
